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The jnesentinveotioa pertains to controlled release tacnne drag ddhrety systom comprising an iimnrdiatft release ccanposition and a 
twrrtaiiifd release ocsnposidoD wherein (1) the immciiHatfi release ccwnpomtion coi npriwea in pereentages by weigbt of the iminwtialB release 
oompositioB: (A) immnriiiim lelease p^eis ccwiprising; (a) nonpareil seeds in an amount ficm about 25 % to about 75 %; (b) tacrine in an 
amonot ficm about 10 % to about 80 %; and (c) a binding agent in an aaftoont firam about 1 % lo about 10 %; and (B) a sealing layer over 
the vdcase peUets compriaiqg: (a) a seating agent in an amount op to about 6 %, and (b) a fint plasticizing agent in an amount 

\rp to about 5 and (2) die sustain fwl release comp o si tion comprises in peroentages by wei^ of the smftrinnd idease caaq>osition; (A) 
the wnm^ii>t>^ lelease conipositioo; and 9) a iWMlniniag layer over die immodiafrt lelease comporitinn oomprisiDg; (a) a water-tnsolnble 
pcriymer m an amount fiom about 40 % to about 90 %; (b) a watei>-s61iibie pcdymer in an amount up to about 10 %: and (c) a second 
plasticizisg agent in an amount mp to about 10 %, wber^ the sustaining layer and tlse Sttit«**fenw lelease composition are present in the 
sustained release oonqxisitkHi in a ratio by weight firom about 1:9 to about 4:6, respecdvely, and the immediate idfease c u m p o ai ticMi and 
the sustained xdease oonqioaiiion aie present in the drag deUvecy system in a latio by weigbt from about Oj01:1 to about 1:1. resp ec tive ly. 
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10 

CONTROLLED RELEASE TACRINE DRUG DELIVERY SYSTEMS 
AND METHODS FOR PREPARING SAME 

15 

BACKGROUND OF THE INVENTICm 



Fteld or Hie Invention 

This invention pertains to amtrolied release tacrine drug dcUveiy 
^fstems. The novel drug ddivery systems contain an tfnmgdfaf^ release 
composition and a sustained idease composition. ThersqseuticaUy e£fective amounts 
25 of the drag deUvery systems may be utilized in a wide variety of {riiarmacoiticaUy 
acceptable carriers to prepare medicated controlled release compositions, TTus 
invention also relates to metiiods for preparing and using these drug deUvery 
systems and the medicated controlled release compositions in which they may be 
employed. 



30 



Description of the Background 



Tacrine (l,2,3,4-tetrahydn>-9-acridinamine hydrochloride) is a 
reversible cholinesterase inhibitor used as a respiratory stimulant in clinical 

35 anesthesiology for the reversal of postoperative sedation and prolongation of tiie 
muscle relaxation effect of sucdnylchoiine. Tacrine has recentiy been shown to be 
a cognition activator and to improve some symptoms in Alzheimer's patients. 
Absorption and elimination half-life studies n tacrine have shown that the drug is 
r^dly absorbed and eUminated and tiiat frequent administration is required to 

40 maintain ther^utic blood levels. Because treatment of Alzheimer's disease is long 
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term, firequent administration of tacrine can be inconvenient and wide swings in 
blood levels may cause adverse effects. Hence, controUed-ielease forms of tacrine 
which release the drug uniformly over an extended period of time are more 
advantageous than conventional dosage forms. 

5 

Sustained release compositions for the sequential or timed release of 
medicaments are well known in the an. GeneraUy su^ compositions contain 
m e dicamen t particles, normally adnunistered in divided doses two or more times 
daily, mixed with or covered by a coating material which is resistant to degradation 
10 or disintegration in the stomach and/or in the intestine for a selected period of time. 
Release of the medicament may occur by leaching, erosion, nqiture, <tilfiision or 
similar actions, dqmding upon the nature and thickness of the coating material. 

A frequently encountered problem in the field of sustained release 
15 compositions is that many water-miscible drugs have a tendency to be Oumped or 
surged into the body during die first hour or two afier an oral dosage form is 
i n gested. This prablem is particularly acute when the ngfaiin*^ release 
compositiins are administered with food. 

20 United Slates patent no. 4,728,512, issued to Mehta a al. , discloses 

a therapoitic composition containing three types of sphooids containing a 
medicament The first type of ^heroids are uncoaied and provide an immediate 
release form, the second type of ^)heroids are coated with a pH senatitve material 
such as copolymers of methacrylic acid and methacrylic add methyl ester or 

25 polyvinyl achate phthalate, and the third type of spheroids are coated with a pH 
independent material having an undercoaiing selected fiom the group consisting of 
hydroxypropyl m^lceUulose and hydroxypropyl methylceUulose containing 
carboxymethylcellulose or sodium starch glycolate and an overcoating of a neutral 
polymer based on polymethacrylic acid esters. 

30 

While the above sustained release compositions provide some d^ree 
of improved s u i sta in ed release activity, none of the above compootions are entirdy 
s a ti s fac tory. The present invention provides improved controlled release tacrine 
drug ddivery systems without the disadvantages characteristic of previously known 
35- products. The present invention also provides methods for preparing and using 
these inqnoved controlled release drug delivery systems and the medicated 
sustained release compositions in w^di they may be employed. 
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Sttnanary Of The Invention 



The present invention pertains to controlled release tacrine drug 
5 delivery systems comprising an immediate release conqKisition and a sustained 
release composition wherein: 

(1) the immediate release conqwsition comprises in percentages by weight of 
the immediate idease composition: 

(A) immediate release pellets oomprisuigi 

3-0 (a) noiqnieil seeds in an amount from about 25% to about 

75%; 

(b) tacrine in an amount from about 10% to about 80%; and 

(c) a binding agent in an amount from about 1% to about 

10%; and 

3-5 (B) a scaling layer over the immediate release pellets comprising: 

(a) a sealing agent in an amount up to about 6%, and 

(b) a first plastidzing agent in an amount up to about 5%; and 

(2) the sustained release oonqx»ition comprises in percentages by woglit of 
the iwtstained release composition; 

20 (A) the immediate rdease composition; and 

(B) a sustaining layer over the immediate release compositi<Mi 

comprising; 

(a) a water-insoluble polymer in an amount from about 40% 

to about 90%; 

25 (b) a water-soluble polymer in an amount up to about 10%; 

and 

(c) a second plasticizing agent in an amount up to about 10%; 
wherein the sustaining layer and the immediate release composition are present in 
the su s ta ined release composition in a ratio by weight from about 1:9 to about 4:6» 

30 reflectively, and the immediate release composition and the sustained release 
composition are present in the drug delivery system in a latio by weight from about 
0.01:1 to about 1:1» respectively. This invention also relates to metiiods for 
prqnring tiiese drug delivery systems and the medicated controlled release 
compositions in which they may be used. 

35- 
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Brief Description Of The Figures 



Fignpe 1 is a gr^h showing the mean plasma tacrine omceatzations 
5 following administration of single 40mg doses of tacrine CR c^sules (CRl, CR3, 
CR4, and CR5) to healthy eldoiy volunteers. Top: semi-lc^thmic scale- 
Bottom: linear scale. 

Flgnre 2 is a gr^>h showing the mean plasma 1-OH tacrine 
10 Gcmoentiations folknviiig administration of single 40ihg doses of tacrine CR 
capsules (CRl. CR3, CR4, and CR5) to healthy elderly volunteers. Top: semi- 
logarithmic scale; Bottom: linear scale. 

Figure 3 is a gr^h showing the mean plasma 1-OH tacrine 
IS concentrations fcdlowing administration of single 40mg doses of tacrine CR 
c^sutes (CRl, CR2. CR6, and CRT) to healthy dderly volunteers. Top: semi- 
logaxithmic scale; Bottom: linear scale. 

Figure 4 is a graph showing the mean plaana 1-OH f»^^ 
20 concentrations fbUowing administration of single 40mg doses of tacrine CR 
capsules (CRl, CR2, CR6, and CRT) to healthy eideriy volunteers. Top: semi- 
bgaridunic scale; Bottom: linear scale. 

Figure 5 is a gxsfh showing the mean plasma tacrine concentrations 
25 following administration of single 40mg doses of tacrine CR csqisules (CRl. CR3, 
CR4, and CR5) to healthy eideriy volunteers. Top: linear scale; Bottom: semi- 
logarithmic scale. 

Figure 6 is a graph showing the percent of dose dissolved as a 
30 funcdon of time for seven tacrine fbrmuladons (CRl, CR3, CR4, CR5, CR8, CR9, 
and CRIO). 

Figure 7 is a graph showing the percent of dose undissolved as a 
function of time for seven tacrine formulations (CRl, CR3. CR4, CR5, CR8, CR9, 
35 and CRIO). Symbols: Observed date; S lid Lines; fitted date to equation 2. Top- 
linear scale; Bottom: semi-logarithmic scale. 

Figure 8 is a graph showing the average absorption rate constant as a 
functim of d issnhition rate constant for tacrine formulations (CRl. CR3, CR4, and 
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CRS). Points are connected via a spline function. A least-squares linear regression 
line through date for CRl , CR3, CR4, and CR5 is shown in the insert. 

Figure 9 is a gr^h showing the mean absorption time versus mean 
5 dissoiutiontimefortacxineformulations(CRl, CR3, CR4, andCR5). 

Figure 10 is a graph showing the simulated plasma tacrine 
concentrations (CRI, CR3, CR8, CR9, and CRIO). Top: linear scale; Bottom: 
semi-lQgazidunic scale. 

10 

Figure 11 is a gr^h showing the simulated Frel as a function of 
MAT for tacrine formulations (CRl, CR3, CR4, and CR5). Points are connected 
via a spline function. 

Fjgnre 12 is a graph showing the simulated plasma taoine 
cottcemiations (CRl, CR3, CR8, CR9, and CRIO). Top: 100% relative 
bioavailahility (from Figure 6); Bottom: bioavailatnlity ac^usted according to 
Figure?. 

20 

DetaOed Description Of The Invention 



The present invention pertains to controlled release tacrine drug 
delivery systems having an immediate release composition and a sustained release 
composition. The immediate release composition consists of immediate release 
pellets containing nonpareil seeds, tacrine, and a binding agent, and a sealing layer 
covering the pellets. The sustained release composition consists of the immediate 
release composition coated by a sustaining layer. The sustaining layer comprises a 
water-insoluble polymer, a water-soluble polymer, and a plastidzer. Tlie water- 
insoluble polymer provides a diffusion barrier for tacrine and controls its release 
rate and the water-soluble polymer increases the permeability of the sustaining coat. 
Applicants have discovered that by carefully controlling the ratio of water-soluble 
polymer to water-insoluble polymer in the sustained release composition, the r^ease 
characteri^ics of tacrine cs4)sules can be optimized. The tacrine delivoy systems 
may be utilized in the form of pharmaceutical capsules or with a wid variety of 
pharmaceutically acceptable carriers to prqjare medicated controlled release 
compositions. This invention also relates to methods for preparing and using these 
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10 



controlled lelease tacrine deUveiy systems and the medicaied ooatraOed release 
compositions in which they may be enq>loyed. 

In accord with the present invention, the controlled lelease lacriiffi 
dnig deUveiy systems contain an immediate release composition and a sustained 
rdease compositian. The immediate release composition consists of immediate 
idease pellets covered by a sealing layer. The immediate release pdlets conq«iiae 
««»parea seeds, tacrine, and a binding agent. In genenl, the wmprol seeds may 
be present in an amount fam about 25% to about 75%. 



Tacrine (1.2,3,4-tetrahydn>-9-acridinamine hydrochloride) has 
Rscenay been shown to be a cognition activator and to impiove some qrmptoms in 
Alzheimer's patients. Tacrine may be used in many distinct physical forms well 
known in the pharmaceutical an to provide an imdal dosage of the medicament 
XS and/or a Anther time-rdease form of the n»dicamenL Widwut being limiied 
thereto, such physical foims include free fonns and emapsulaled fonns, ami 
mixtures thereof. 



20 



25 



30 



35 



Hie amoum of tacrine used in the present invention may vary 
<Iq>endii«iqioo the thei^tic dosage recommended or permitted. Ingeneial, the 
amount of tacrine present is the ordinary dosage required to obtain the desired 
result. Such dosages are Imown to the skilled practitioner fa the medical am and 
are not a part of the present invention. In a pretaied embodiment, tacrine is 
present m the immediate release composition in an amount from about 10% to 
about 80%. preferably from about 15% to about 60%. and more preferably fiom 
about 20% to about 50%, by weight of the immediate rdtease composition. 

Binding agenu (binders) are compounds wfakdi exett a strong 
Irfiysiochemical attractive fiMce between molecules. Suitable binding agents in the 
present invention include polyvinylpyrrolidone, acacia, gdatin, ghicose, guar gnm. 
pregelatinized starch, and sodium alginate, and cellulose derivatives such ai 
ethylceUulose. hydroxypropyl ceUulose. hydronypropyl metfiyleeUulose, 
methylcellulose. sodium carboxymediylcellulose. and die like, and mixtures 
thereof. Preferably, die binding agent is polyvinylpyrroBdone. 

I'ovidone (USPTNF. l-«fc«iyl-2^qrm»lidone polymers. 
polyvinylpyrroUdone. PVP) is a free flowing am iphous powder sohibie in water 
and organic solvents. Povidine is a synthedc polymer consisting of linear l-vinyl- 
2-pyrrolidone groups. The degree of polymerization resulo in polymeB of various 
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molecular weights ranging from about 10,000 to about 700,000. Povidine may be 
rq)iesented by the formula: 

5 



10 



15 The amount of binding agent in the immediate release pellets is an 

effective amount to ^xcpm immediate release pellets. An efifective amount of 
binding agent is an amount which will bind tacrine to the nonpareil seeds and 
thereby provide an immediate release composition. The amount of binding agent is 
a matter of preference, subject to such factors as the type of nonpareil seeds 

20 employed, the exact ^pe and amount of povidone employed, and the otlier 
ingredients in the drug delivery system. Thus, die amount of binding agent may be 
varied in ozder to cibtain the result desired in the final product. In general, tfie 
binding agent will be present in an amount from about 1% to about 10%, and 
preferably from about 2% to about 8%, and more preferably from about 2% to 

2 5 about 5 % , by weight of the immediate release compositicm. 

In a prefened embodiment, the immediate release composition 
further comprises an anti-adhering agent. Anti-adhering agents (anti-adherents, 
dispersing agents) are surfiaoe-actlve agents which may be added to a suspension to 

30 promote uniform separation of extremely fine (coUcHdal) solid particles. Suitable 
anti-adhering agents in the present invention include polymeric electrolytes, 
condensed silicates, polyphosphates, iignin derivatives including aluminum steaiate, 
aluminum lamate, magnesium stearate, calcium steaiate, zinc stearate, talc, kaolin, 
fumed silica, and the like, and mixtures thereof. Preferably, the anti-adhering 

35 agent is talc. The and-adhering agent, when present in the immediate release 
composition, will be present in an amount up to about 20%, prderably fiom about 
2% to about 15%, and more preferably from about 5% to about 10%, by weight of 
the immediate release composition. 

40 As set out above, the immediate release pellets of the drug delivery 

system are covered by a sealing layer to improve flow, prevent drug loss by 
attrition, and reduce electrostatic charge during processing. The sealing layer 
comprises a sealing agent and a first plasticizing agent 
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Stiitable sealing agents (sealers) in the present invention include 
ceUulose derivatives such as hydroxypropyl cdlulose. hydroxypropyl 
methylceiluiose, and the like, and mixtuxes thereof. Preferably, the sealing agent is 
5 hydroxypropyl m«hylcellulose. The sealing agent is present in an amount up to 
about 6%, preferably to about 4%, and more preferably from about 0.5% to 
about 3%, by wei^t of the immediate release composition. 

The sealing layer also conqnises a first plasticizing agent. 

10 Plastidzuig agents ( pl asticizers) are organic molecules added to polymers to 
&cilitate processing by increasing the flexibility and toughness of the final product 
by intemaUy modifying (solvating) the polymer molecule. Plasticizing agents 
should be soluble in the polyma- they are designed to plastidze and should be safe 
for the intended use. Suitable first plasticizing agents in the present invention are 

15 nonvcriatile organic liquids and low melting solids, such as esters of phthalic add, 
ad^iic add, and sebadc add, and polyols such as ethylene glycol, poly^hykne 
glycol, and their, derivatives, tricresyl phoqihate, castor oil, and the like, and 
mixnues thereof. Otter suitable partly water>soluble to water-insoluble first 
plasticizing agents that may be onployed are dibutyl sdncate, triethyl dtrate, 

20 tributyl citrate, triacetin, and ac^lated mono-, di- and triglycerides, and the liin^^ 
and mixtures thereof. Other suitable first plasticizing agents indude acetyl triethyl 
dtiate, triediyl dtxate, acetyl tributyl doate, tributyl citrate, and the like, and 
mixtures thereof. Preferably, die first pla^idzing agenf is polyediylene glycoL 
The first plasticizing agent is present in an amount up to about 5%, preferably up to 

25 about 4%, and more preferably firom about 0.1% to about 1ft, by weight of the 
immediate release ooniposition. 

In addition to the immediate release composition, the controlled 
release tacrine drug ddroery sydems of the present invention also indude a 
30 sustained rdease composition. The sustained release composidon consists of the 
immediate release oonqiosition covered by a sustaining layer. The sustaining layer 
comprises a water-insoluble polymer, a vi^ater-soluble polymer, and a second 
plastidzmg agent 

35 The water-insoluble polymers useful in the sustaining layo" are film 

forming polymers, which are preferably available as aqueous colloidal dispersions 
containing spherical, solid or semisohd particles less than about one (1) micron in 
diameter, and typically less than about 0. 1 micron in diameter. Aqueous colkndal 
mixtures are generally very fluid at concentrations from about 20% to about 40%. 
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Suitable film forming polymers in the present invention include cellulose derivatives 
such as etbyloeilulose, and the like, and mixtures thereof. Other suitable fihn 
forming pcdymers in the present invention include aqueous acrylic resin di^iersions 
such as polyacrylamide, polyacryldextran, polyall^l cyanoacrylale, polymethyl 
5 methacrylate, and the like, and mixtures thereof. In a preferred embodiment, the 
film forming polymer is a cellulose derivative such as ethylcellulose. In a more 
preferred embodiment, the Aim forming polymer is the commercially available 
aqueous polymeric diq)ersion manufectured under the tradename AQUACOAT 
(24.S%-30% ethyl ceUnkne), by FMC Corporation, Princeton, New Jeney. In 
10 anodier more piefened embodiment, the film forming polymer is the commercially 
available aqueous polymeric dispersion manufactured under the tradename 
SURELEASE (containing 24.S%-29.5% ethyl cellulose, dibutyl sdiacate and oleic 
add as plasticizing agents, and iiimed silica as an anti-adherent), by Coloroon, Inc., 
West Pdnt, Pennsylvania. 

15 

Other waier-insoluble polymers useful in the sustaining layer are pH* 
independent water-insoluble polymers such as acrylic polymers. Suitable water* 
insoluble pdjrmers include aqueous acrylic resin dispersions such as 
polyacrylamide, polyacryldextran, polyalkyl cyanoacryiate, polymethyl 
20 methacrylate, metfaacrylic resin copolymer, and the like, and mixtures thereof. 
Preferred resms are die Eudragits^ (methacrylic resin oopolymer), made by Rdun 
Pharma. Eudragit N£30D^ is highly preferred. 

The amount of water-insoluble polymer in the sustained release 
25 oontposttion is an effective amount to pxepm a sustaining layer. An effective 
amount of a water-insoluble polymer is an amount which will provide a sadsfoctxny 
diffusion barrier for tacrine and therd>y control its release rate. The amount of 
water-insoluble polymer is a matter of preference, subject to such factors as the 
type of water-insoluble polymer employed, the exact type and amount of wat^- 
30 stdoble polymer employed, and the other ingredients in the drug delivery system. 
Thus, the amount of water-insoluble polymer may be varied in order to obtain the 
result teired ill the final product. In general, the water-insolid>le polymer will be 
present in an amount from about 40% to about 90%, preferably from about 45% to 
about 85%, and more preferably from about 50% to about 80%, by weight of the 
35- sustained release compositi n. 

The water-soluble polymers usefol in the sustaining layer include 
cellulose derivatives such as hydroxypropyl cellulose, hydroxypropyl 
mediylceilulose, sodium caitwxymethylcellulose, and the like, and mixtures 
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thereof. In a preferred embodiment, the film forming polymer is hydroxyprt^yl 
meihylGellulose. 

The amount of water-soluble polymer in the sustained release 
composition is an effective amount to prepare a sustaining layer. An effective 
amount of a water-soluble polymer is an amount v^ch will inccease the 
permeability of the sustaining coat and thereby control its release rate. The amount 
of water-soluble polymer is a matter of preference, subject to such fiwaors as the 
type of water-soluble polymer employed, the exact type and amount of water- 
insdubie polymer employed, and the other ingredients in the drug delivery system. 
Thus, the amount of water-soluble polymer may be varied in oider to obtain the 
result desired in the final product. In geneial, the water-soluble polymer will be 
present in an amount up to about 10%, preferably up to about 5%, and mote 
preferably from about 0.5% to about 1.5%, by weight of the sustained release 
composition. 

Hie sustaining layer also comprises a second plastidzing agent 
Suitable second plastidzing agents in the present invention are nonvolatile oigamc 
liquids and low meltii^ solids, such as esters of phthalic add, adipic add, and 
sebadc acid, and polyols such as ethylene glycol, polyethylene glycol, and thdr, 
derivatives, tricresyl phosphate, castor oil, and the like, and mixtures diereof. 
Other suitable partly water-soluble to water-insoluble second plastidzing agents tiiat 
may be employed are dibutyl sd>acate, triethyl dtiate, tributyl dtrale, triacetin, and 
aoetylated mono-, di- and triglycerides, and the like, and mixtures theieof. Other 
suitable seocmd pl ast id zi n g agents include acetyl triethyl dtrate, triediyl dtiate, 
acetyl txibutyl dtiate, tributyl dtiate, and the like, and mixtures ttereof. 
Preferably, the second plastidzing agent is triethyl dtiate. The second plastidzing 
agent is present in an amount up to about 10%, preferably from about 1% to about 
6%, and more preferably from about 1 % to about 5%, by wdght of die qig*aii^ A ^ 
rdease composition. 

The immediate release composition and gH«t?'"^^ release conqxisition 
in the controlled release tacrine drug ddivery systems of the present invention may 
also contain conventional exdpients and additives w^iich function to fa<^li*at<i 
processing or storage. Thus antifoam agents, fillers, plastidzing agents, adoring 
agents, flav ring agents, perfumes, sweetening agents, surface active agents, 
lubricants, stabilizing agents, anti-tacking agents, and the like, and mixtures 
thereof, may be empl yed. 
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The weight ratio of sustaining layer to immediate release composition 
in the sustained release composition is the ratio containing sufficient sustaining 
layer to prevent potential premature release of the medicament from the immediate 
release compoation without forming a composition so large as to be thera^ieuticaliy 
5 unsuitable for use. In general, the weight ratio of sustaining layer to immediate 
release composition in the sustained release composition is from about 1:9 to about 
4:6» preferably from about 1:9 to about 3:7, and more preferably irom about 1:9 to 
about 2:8» respectively. 

10 The weight ratio of immediate release composition to sustained 

release composition in the controlled release tacrine drug delivery system is 
ratio containing sufficient sustained release composition to release the drug 
uniformly over an extended period of time. In general* the weight ratio of 
immediate release composition to sustained release composition in the drug delivery 

15 system is from about 0.01:1 to about 1:1. preferably from about 1:9 to about 2:8, 
and more preferably from about 2:8 to about 4:6, respectively. 

The present invention is also directed at mediods for piepaiing the 
oontioiled release tacrine delivery systems. In general, the dnig delivery systems 

20 are prqxared by forming core pellets containing tacrine hydrochloride monohydtate 
using fluid-bed tangential coating equipment. The core pellets are subseqtiently 
coated with the components of the sustaining layer to impart various controlled 
release profiles. By combining immediate release pellets widi sustained release 
pellets or extended release pellets in the same c^sule to provide an initial loading 

25 dose, additional controlled release dissolution profiles may be obtained. Fdlett of 
each of these formulations may be developed to fill size 2 hard gelatin capsules to 
provide 40 mg of tacrine base per capsule. 

The drug delivery systems of the present invention may be prqnred 
30 using standard techniques and equipment known to those skilled in the art. The 
core pellets may be prepared by suspension layering, powder layering, or 
extnision/spheranization techinques, or other standard procedures, using standard 
techniques and equ^ment known to those skilled in the an. The core pellets may 
be coated by fluid-bed tangential coating, pan coating, or other standard coating 
35 procedures using standard techniques and equipment known to those skilled in the 
art. The exact conditions for f rming and coating pellets will vary with the 
particular apparatus selected and are readily determined by th se skilled in the art 
without the need for undue experimentation. Fluid-bed tangential coating and pan 
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coating are well known in the am and Aerefbre the selection of the specific 
apparatus will be apparent to the artisan. 

In a qjedfic embodiment, the present invention is directed at a 
5 method for prqaring a controlled release tacrine drug delivery ^system comprising 
an immediate rdease conqiosition and a sustained release composition, which 
comprises the st^ of: 

G) providing the following ingredients: 

(1) tiie imme ri i a tf t release conqmsition comprises in percentages by wdght of 
10 the immediate rdease oonqwsition: 

(A) immediate release pellets comprising: 

(a) nonpareil seeds in an amoimt from about 25% to about 

75%; 

(b) tacrine in an amount from about 10% to about 80%; and 

(c) a binding agent in an amount from about 1% to about 

10%; and 

(B) a sealing layer over the immediate release pellets comprisiiig: 

(a) a sealing agent in an amount up to about 6%, and 

(b) a first plastidzing agent in an amount t^ to about 5%; and 
2® (2) the sustained rdease composition comprises in percentages by weight of 

die sustained release composition; 

(A) the i mme dia te rdease composition; and 

(B) a sustaining layer over die immediate release composition 

comprising; 

(a) a water-insoluble polymer in an amount from about 40% 



to about 90%; 
and 



(b) a wata--soluble polymer in an amount up to about 10%; 



(c) a second plastidzing agent in an amount up to about 10%; 

30 wherein the sn s i ai ning layer and die immediate release composidon axe presmt in 
die s us t alnpd release composition in a ratio by weight from about 1:9 to about 4:6, 
re^)ectively, and die immediate release composition and die sustained release 
composition are present in die drug delivery system in aratio by weight from about 
0,01:1 to about 1:1, respectivdy; 

^5 00 fonning an aqueous suspension of the tacrine and die binding agent from 

step (i)(l)(A) and layering the suspension on the nonpareil seeds to form immediate 
release pellets; 
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Gii) fanning an aqueous mixture of the sealing agent and first plasddzing 
agent tarn stq>(iKl)(B) and coating the immediate release pellets to form the 
immediate release composition; 

(iv) forming an aqueous di^iersion of the water>insoluble polymer, water- 
5 soluble polymer, and second plasticxzing agent from step (i)(2)(B) and coating a 

portion of the immediate release composition to form the sustained rdease 
composidon; and 

(v) admixing the immediate release composition and the sustained release 
composition in a ratio by weight from about 0.01:1 to about 1:1, re^ieetiyely, to 

10 form the contniUed release tacrine drug delivery system. 

Once prqxared, the controlled release tacrine drug delivery systems 
may be stored for future use or may be formulated with conventional additives such 
as phairoaceudcally aocqytable carrim to pr^re a wide variety of mt»Aie-^tt^ 
15 ccmtroUed rcdease compoations to suit particular applications. 

The novel m e dic a te d controlled release oonipositions may also be in 
the fom of a ]Aamiaceutical suspension. Pharmaceutical suspensions of this 
invention may be prqiared by conventional methods long established in the art of 
20 phar m aceu tic al conqKmnding. Suspensions may contain adjunct materials employed 
in formulating die suspensions of the art. The suspensions of the present invention 
can compiise: 

(a) preservatives such as benzoic acid, sorbic acid, methyl paraben, 
25 and propyl paraben. Preservatives are generally present in amounts up to about 

1%, and piefecably from about 0.05% to about 0.5 5S, by weight of the suspensicm; 

(b) buffers such as citric acid-sodium citrate, phosphoric add- 
sodium phoqihatB, and acetic acid-sodium acetate which may be present in amounts 
IMP to about 1%, and preferably from about 0.05% to about 0.5%, by weight of die 

30 su^nsioa; 

(c) suspending agents or thickenm such as celtulosics like 
methylcellnlose, carrageenans like alginic acid and its derivatives, xanthan gums, 
gdatin, acacis, and mioocrystalline cellulose which may be present in amounts up 
to about 20%, and preferably from about 1% to about 15%, by wdght of die 

35- suspension; 

(d) antifoaming agents such as dimethyl polysiloxane which may be 
present in amounts up to about 0.2%, and preferably from about 0.01% to about 
0.1%, by weight of the suqiension; 
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(e) sweetening agents such as those sweeteners weU known in the 
art, including botii natural and aitifidal sweeteners. Sweetening agents sudi as 
monosaccharides, disaccharides and polysaccharides siich as xylose, ribose, glucose 
(dextrose), mannose, galactose, iructose (levulose), sucrose (sugar), maif»yp invert 
5 sugar (a mixture of fructose and glucose derived from sucrose), partiaUy 
hydrolyzed starch, com syrup solids, dihydrochalcones, monellin, steviosides. 
glycynliizin, and sugar alcohols such as sorbitol, mannitol, maltitoi, hydiogenated 
starch hydrolysates and mixtures thereof may be utilized in amounts up to about 
60%, and prefecably from about 20% to about 50%, by weight of the «iynsi^ 

10 Water-soluble artificial sweeteners such as soluble sacdiarin salts, Le., sodium or 
calcium sacdiarin salts, cyclamate salts, the sodium, anunonium or caldum salt of 
3,4-dihydro-6-methyl-l,2,3-oxathiazine-4-one-2,2-dioxide, the potassium salt of 
3,4-dihydro-6-mrthyH^,3-oxathiazine-4-one-2,2-dioxide (Acesulfeme-K), the free 
add form <tf saccharin, and the like may be utilized in amounts from about 0.001% 

15 toabout5%,bywei^t of the suspension; 

(0 flavoring agents such as those flavors w^ known to the gwiw 
artisan, such as natural and artificial flavors and mints, such as pqipermint, 
menthol, citrus flavors such as orange and lemon, artifidal vanilla, annan^ 
various fruit flavras, both individual and mixed and the liioe may be t^t-w^^ in 

20 amounts from about 0.5% to about 5%, by weight of die sw^Knsion; 

(g) coloring agents such as pigments which may be incorporated in 
amounts up to about 6%, by weight of die susp^on. A prcfeired pigment, 
titanium dioxide, may be incorporated in amounts up to about 2%, and preferably 
less dian about 1%, by weight of die suspension. The coloring agents ms^ also 

25 include natural food colors and dyes suitable for food, drug and cosmetic 
plications. These coloring agents are known as F.D.& C. dyes and lakes. The 
materiaU accqnable for the foregoing uses are preferably water-soluble. Sudidyes 
are generally present in amounts up to about 0.25%, and preferably from about 
0.05% to about 0.2%, by weight of the suspension; 

(h) deooiorizing agents such as sodium metabisulfite, ascorbic add 
and the like may be incorporated into die suspension to prevent color changes due 
to aging. In general, decolorizing agents may be used in amounts up to about 
0.25%, and preferably from about 0.05% to about 0.2%. by weight of die 
suqiension; and 

0) vehicles such as propylene glycol, polyediylene glycol, edible 
oils sudi as animal, vegetable and minend ils. and the like may be used to 
solubOize die flavoring agents. In general, vehicles may be used in amounts up to 
about 10%, and preferably from about 2% to about 5%. by weight of die 
su^iension. 
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Tbe phaimaceutical suspensions of the present invention may be 
prqaied as follows: 

(A) admix the thickener with the vehicle heated to a temperature 
5 from about 40 C. to about 95 C, preferably from about 40* C. to about 70** C, 

to form a dispersion if the thickener is soluble in the vehicle or a solution if the 
thickener is scduble in the soluble; 

(B) admix the sweetening agent with the vehicle to form a solution; 

(C) admix the controlled release conqxxsition with the thickener- 
lO vdiide admixture to form a uniform thickener-oontrolled release conqxnition; 

(D) combine the sweetener solution with the thickener-controlled 
release composition and mix until uniform: and 

(E) admix the optional adjunct materials such as coloring agents, 
flavoring agents, decolorants, solubilizing agents, antifoaming agents, buffers and 

15 addi t ional vehicle with the mixture of step (D) to form the suqiension. 

To achieve acceptable stability and quality as wdl as good taste and 
mouth feel in a controlled release formulation several considerations are important 
These consideradons include the amount of active substance per tablet, the flavoring 
20 agent employed, the degree of compressibility of the tablet and the organoleptic 
properties of the jriiarmaceutical composition. 

Throii^iout this application, various publications have been 
referenced. The dis^osures in these publications are incorporated herein by 
25 reference in order to more fully describe the state of the art 

The present invention is further illustrated by the following examples 
which are not intended to limit the effective scope of the claims. All parts and 
perseatages in the examples and throughout the specilication and claims are by 
3 o w^ght of the final composition unless otherwise specified. 

Examples 1-7 

35- The following examples were carried out to develop controlled 

release pellet formulaticms for tacrine hydrochl ride monohydiate that reduce the 
dosing frequency to improve convenience and patient compliance. Core pellets 
containing tacrine hydrochloride monohydrate were manufactured using fluid-bed 
tangential coating equqmient. Core pdlets subsequendy were coated with different 
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types of polymen that impart various controlled release pioflles. A water-soluble 
polymer coat (hy d ro xy pr opy l mediyicellulose 2910) provides pellets with an 
immediate release (IR) dissolution profile. A water-insoluble polyn^ coot 
(ethylcellulose aqueous dispersion) provides pellets with sustained release (SR) 
characteristics whae the release rate can be ccmtroUed by the thickness of the coat 
and the formulation of the coating prqaration. An acid-insoluble but alkaline- 
soluble polymer coat (Eudragit L30D, a copolymer of polym^iacrylic add and 
acrylic add ester) provides pellets with pH-dqiendent enterk release (£R) profiles. 
These coated pellets are referred to as IR, SR, and ER Fdlets, respectively. By 
combining IR pdl^ with SR and/or ER pellets in the same oqmle to provide an 
initial loading dose, additional controlled release dissolution profiles are obtained. 
PellM of each of these formulations were developed to be properly filled into size 2 
hard gdatin capsules to provide 40 mg of tacrine base per capsule. 



The following table describes the product references made 
tiiroughout this section. 



Formulation 


Dissolution Profile 1 
of Fell^ in Formulation | 


CRl (37) 


Immediate Rdease (IR) 


CR2(38) 


Enteric Release (ER) 


CR3(39) 


Sustained Rdease (SRI) 


CR4(40) 


Sustained Rdease (SR2) 


CR5(41) 


Sustained Rdease (SR3) 


CR6 (42) 


Immediate and Enteric Rdease (IR+ER) 


CR7 (43) 


Immediate and Sustained Release (IR-hSR3) 



Collectivdy tiiese products are referred as control release cqisnles. 



Core pellets 

The core pellets were manufactured by the suspension-layering 
method using fluid-bed tangential coating equq>ment. This process is dust-free. 
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fast, and effidem. A su^)eiiaon containing tacrine hydrochloride monohydiate 
(15% w/w), spray talc (7.5% w/w), and povidone (1.5% w/w) in water was 
s^lied to sugar ^heres of 20-25 mesh to obtain core pellets with an approximate 
drug loading of 20%. Povidone was used as a binder and spray talc was used as an 
5 antiadherent to reduce tackiness during the layering process. The composition of 
the core pellets containing 40 mg of tacrine base is provided in Table 1. 

TABLE 1 

10 Composition of Core Pellets per 40 mg Tacrine Base 



1 Ingredient 


Quantity(mg) 


Sugar Spheres NF, 20-25 mesh 


167.29 


Tacrine Hydrochloride Monohydiate 


51.02 


Povidone DSP 


5.10 


Spray Talc 


25.51 



CRl Capsules (Formulation 37) 



20 The IR pellets were prepared by coating the core pellets with a 

water-soluble polymer to improve flow and to eliminate electrostatic charges during 
processing. The coating preparation consisted of hydraxypropyl methylcellulose 
(HPMQ 2910 (6% w/w), polyethylene glycol (PEG) 3350 (15 w/w), spray talc 
(1% w/w), and water (92.0% w/w). The core pellets were coated to 2% weight 

25 uidcase using fluid-bed tangential coating equipment. Both the core pellets and IR 
pellets exhibited immediate release characteristics. 

CR2 Capsules (Formulation 38) 

30 The ER Pellets were manufactured by coating the pellets with 

Eudragit L30D, an aqueous i^spemm (30% w/w) containing a copolymer based 
on polymethacrylic acid and aciylic acid esters. This copolymer is insoluble below 
pH 5.5. Although the copolymer is soluble above pH 5.5, the dissolution rate is a 
function of the pH of the dissoluti n media. As the pH increases, the dissoluti n 

35 rate of this polymer increases so that at the pH f the current USP <724> 
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dissolution medk for entenc coaled articles (pH 6.8), dissolution is r^. TTie 
coating formulation consisted of Eudiagit L30D (40% w/w), txiethyl dtiaie (3% 
w/w), talc (0.75% w/w), and water (56.25%w/w). Hie core pellets were 
coaled to 15.7% weight incxease using fluid-bed tangential coating equqnnent 

5 

CR3 Capsules (Formulation 39) 



The SRI Pellets (Formulation 39) were mannfictured by coating the 
core pellets with an aqueous dispersion (30%w/w) containing a water-insoluble 

10 polymer, ethylceUulose, and a water-soluble polymer, hydioxypiopyl 
meAylcdlulose. The coating formulation consisted of ethylcdlulose aqueous 
di^)ersioa (37.6% w/w), triethyl citrate (2.82% w/w), sprzy talc (0.15% w/w), 
hydioxypropyl methylc^ulose 2910 (0.75% w/w), and water (58.68% w/w). The 
coating formulation was ^Ued to the core pellets to 15% weight incxease using 

15 Auid-bed tangential coating equipment. The coated pellets were subsequently 
overcoated with the same formulaticm as Formulation 37 to overoome «ririri«i» ^ 
The finished pellets were cured by fluidization at 60**C fooduct temperature for 30 
to 60 minutes in the coating equipment immediately foUowixig the «tfrti^iff f^ coating 
process in order to promote film ffwting coalescence. 

20 

CR4 Capsules (Formulation 4Q> 



The SR2 Pellets (Formulation 40) were prepared 
as that described for Formulation 39. The SR coating formulation consisted of 
ethylceUulose aqueous dispersion (38.08% w/w), triethyl citrate (3.34% w/w), 
^y talc (0.15% w/w), and water (58.34% w/w). Hie SR coating formulation 
was ai^lied to the core pellets to 15% weight increase. The ethylceUulose coated 
peUets were subseque n tly ov^coated with the same overcoat formulation as 
previously desoibed for Formulation 39 and cured similarly using the same 
equipment A slower dissolution rate for Formulation 40 compared to Formulation 
39 results from tiie absence of hydroxyprqpyl ceUulose in the «iigtaini«g coat. 

CR5 Capsules (Formulation 41) 

The formulation of SR3 Pellets (Formulation 41) is very similar to 
tiiat of Formulation 40. The same SR coating formulation and overcoat formulation 
as previously described for Formulaticm 40 was applied to the core peUets 
enqiloying the same processing parameters and using the same equipment, except 
that the s iwmi nc d release coating was spited to 25% weight increase, n^r^iiiy f 
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thc thicker sustained xelease coat. Formulation 41 exhibited the slowest dissolution 
rate among the thiee types of SR pdlets. 

CR6 Capsules (Formulation tt) 

5 

Pellets for Formulation 42 were prepared by blending the JR pellets 
(Formuiation 37) and the £R peUets (Formulation 38) such that each portion 
provided 20 mg of tacrine base per capsule. Therefore, each CR6 Capsule contains 
a loading dose of 20 mg and a delayed dose of 20 mg. 

o 

CR7 Capsules (Formulation 43) 

Pellets for Formulation 43 were prepared by blending the IR pellets 
(Formulation 37) and the SR3 Pellets (Formulation 41) such that each portion 
5 provided 20 mgoftacrine base per capsule. Therefore, each CR7 Cqjsule contains 
a loading dose of 20 mg and a delayed dose of 20 mg. 



BNSCXXIO: <WO_0E03062A1J_> 



wo 95/03052 PCT/US94/08009 



-20- 



Quantitative Formula for the Capsule Pkroducts 



10 



Formulation No. 37 
(Iminediate Release (IR) Pellets in CRl C^isule) 
Label CHaim: 40 mg (as tnse) 



1 CorePellets 


Amount/ 1000 Capsules 




Taofine Hydrochloride Monohydiate 


51.02 g 




Sugar Spheres NF, 20-25 mesh 


167.29 g 




Povidone USP 


5.10g 




Spray Talc 


25.51 g 




Purified Water USP* q,s. 


or 258.50 mL 










1 IR Film Coating 






Hydroxypropyl Methylcellulose 2910 USP 


3.73 g 




Polyethylene Glycol 3350 NF 


0.62 g 




Spray Talc 


0.62 g 




Purified Water USP* q.s. 


or 57.50 mL 





15 



20 Total Weight 

No.2 Hard Gelatin Capsules 

• Purified ItotM- USP is uud <n the MMifaeturirv 



253.89 g 
1000 

. taut is rmnipsd during dryina. 
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Formulation No. 38 
(Enteric Release (£R) Pellets in CR2 Capsule) 
Label Claim: 40 mg (as base) 



Core Pellets 



Amount/1000 Capsules 




Tacrine Hydrochloride Mdnc^ydiatB 


51.02 g 




Sugar Sphered NF, 20-2S mesh 


167.29 g 




Povidone USP 


5.10 g 




Spray Talc 


25.51 g 




Purified Water USP* 


q.s. or 258.50 mL 






Enteric Coating 






Eudragit L30D (30% solids) 


99.55 g 




Trieihyl Citrate FCC 


7.47 g 




Spray Talc 


1.87 g 




Purified Water USP* 


q.s. or 140.00 mL 




Total Weight 

No.2 Hard Gelatin C^sules 


288.12 g 
1000 





10 



15 



20 



Ptarff i«d Mtw USP fs UMd in th« Mnufacturing process, taut is 



durlflo dryftv. 
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Formulation No. 39 
(Sustained Release (SRI) Pellets in CR3 Capsule) 
Label Claim: 40 mg (as base) 



Core Pellets 


Amount/ 1000 Capsules 


Taaine Hydrochloride Monohydiate 


51.02 g 


Sugar Sftoes'NF, 20-25 mesh 


167.29 g 


Povidone USP 


5.10 g 


Spray Talc 


25.51 g 


Purified Water USP* q.s. 


or 258.50 mL 




1 Sustained Coating 


Ethyloellulose Dispersion NF (30% solids) 


93.62 g 


Triethyl Citrate FCC 


7.02 g 


Spray Talc 


0.37 g 


Hydroxypropyl Methylcellulose 2910 USP 


1.87 g 


Purified Water USP* q.s. 


or 146.17 mL 




1 Overcoat Coaring 


Hydroxypiopyl MethylceUulose 2910 USP 


2.15 g 


Polyethylene Glycol 3350 NF 


0.36 g 


Spray Talc 


0.36 g 


Purified Water USP* q.s. 


or 32.92 mL 


Total Weight 


289. 14 g 


Nb.2 Hard Gelatin Capsules 


1000 



10 



15 



20 



25 



* Pirifiad ltot*r USP U used in thc'smufacturing process, but is 



during drying. 
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Formulation No. 40 
(Sustamed Release (SR2) Pellets in CR4 Capsule) 
Label Claim: 40 mg (as base) 



5 


CcnePdlets 


A mount/ 1 000 Capsules 




Tacrine Hydrochloride Monohydiate 


51.02 g 




Sugar Sphoes NF, 20-25 mesh 


167.29 g 




Fofvidone USP 


5.10g 




Spray Talc. 


25.51 g 


10 


Purified Water USP* q.s. or 258.50 mL 








1 Sustained Coating || 




EthykcHulose Dispersion NF (30% solids) 


94.79 g 




Triethyl Citrate FCC 


8.53 g 


15 


SpF^Talc 


0.37 g 




Purified Water USP* q.s. 


or 145.29 mL 








1 Overcoat Coating ^ | 




Hydimypmpyl Methylcellulose 2910 USP 


2.15 g 


20 


Polyethylene Glycol 3350 NF 


0.36 g 




Spray Talc 


0.36 g 




Purified Water USP* q.s. 


or 32.92 mL 



Total Weight 289.13 g 

No.2 Hard CSdatin C^isules 1000 



25 

• (Hirlfiad Uit«r USP is uMd In tha nviiffacturing process, but is ranvod durir« drying. 
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Formulation No. 41 
(Sustained Release (SR3) Pellets in CR5 Capsule) 
Label Claim: 40 mg (as base) 



Core Pellets 


Amount/1000 Capsules 


Tacrine Hydrochloride M onohydiate 


51.02 g 


Sugar Spheres NF, 20-25 mesh 


167.29 g 


Povidone USP 


5.10 g 


Spray Talc 


25.51 g 


Purified Water USP* 


q.s. or 258.50 mL 



Sustained Coating 






Ethylcellulose Di^iersion NF (30% solids) 


157.97 g 




Triethyl Citrate FCC 


14.22 g 




Spray Talc 


0.62 g 




Purified Water USP* q.s. or 242.09 mL 




Overcoat Coating 


Hydroxypropyl Methylcellulose 2910 USP 


2.33 g 




Polyethylene Glycol 3350 NF 


0.39 g 




Spray Talc 


0.39 g 




Purified Water USP* q.s. or 


35.77 mL 




Total Weight 

No.2 Hard Gelatin C^sules 


289.13 g 
1000 





25 

• Purlflad Wster USP is loed In the oMiufaeturing process, taut fs rtmnntii during dryins. 
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Fonnulation No. 42 
(ImniediatB and Enteric Release Pellets in CR6 Cqisule) 
Label Oaim: 40 mg (as base) 





Immediate Release Pellets 


Amouiit/innn ran«iw 


5 
10 


Core Pellets, composed of 




124.46 g 


Tacrine Hydiodiloride MoncAydiate 25.5 10 g 


Sugar Spheres NF, 20-25 mesh 


83.645 g 




Povidone USP 


2.550 g 




Spray Talc 


12,755 g 




Purified Water USP* 


q.s. or 129.250 mL 




• 








1 IR Film Coating, composed of 




2.49 g 


1 BE 
15 


HydiDxypropyl Methylcellulose 2910 1.87 g 


Polyethylene Glycol 3350 NF 


0.31 g 




Spray Talc 


0.31 g 




Purified Water USP*** 


q.s. or 28.75 mL 




1 


Enteric Release Pellets 






Core Pellets, composed of 




124.46 g I 


20 


Tacrine Hydrochloride Mcmohydrate 25.5 10 g 


Sugar Spheres NF, 20-25 mesh 


83.645 g 




Povidone USP 


2.550 g 




Spray Talc 


12.755 g 




Purified Water USP* 


q.s. or 129.250 mL 




25 










Enteric Coating, composed of 




19.60 g 




Eudragit L30D (30%0 solids) 


49.79 g 






Triediyl Citrate FCC 


3.73 g 






Spray Talc 


0.93 g 




30 


Purified Water USP* 


q.s. or 70.00 mL 




Total Wdght 




271.01 g 


No.2 Haul Gelatin Cai>siiles 




1000 




Purified Uatrn- USP is us«d in the nufaeturing process, but is roi 


wed dkirino dryins* 
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Manufacturing Process 

The following manufacturing procedures desciibe the prepaxation of 
5 the core pellets, the various film coating procedures for each forinulation, and the 
encapsulation of the coated pellets. 

Manu£acture of Core Pell^ 

xo a. Dissolve the povidone in about 20 peroem ci the total required 
purified water. 

b. Dissolve the tacrine hydrochloride monohydiate in the remaining 

water. 

c. Add the solution from stq> a into the solution from stq> b and 

15 stir. 

d. Add the spray talc into the mixture from stq> c and continue 

stirring. 

e. Load the sugar ^heres into fluid-bed tangential coating 
equipment and spray on tiie mixture from step d. 

20 f. Dry the core pellets by fluidization for about S minutes 
immediately following step e or tray dry in a foiced-air oven. 

g. Separate and retain the 16-20 mesh fraction. 



25 



Core Pellets Coating 
Formulation 37 



a. Dissolve the hydroxypropyl methylceilulose and the polyethylene 
glycol in purified water using a stirrer. 
30 b. Add the spray talc to the solution from step a and continue 

stirring. 

c. Load the core pellets into fluid-bed tangential coating equipment 
and ai^ly the coating mixture from step b. 

35- Formulation 38 

a. Disperse the triethyl citrate in purified water using a stirrer. 

b. Add the Eudragit L30D to the solution from st^ a and continue 
Stirling for at least 15 minutes. 
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c. Add the spray talc to the mixture from step b and continue 

stirring. 

d. Load the core pellets into fluid-bed tangential coating equipment 
and apply the coating niixtuie from step c. 

Formulation 39 



a. For the sustained release coating preparation, dissolve the 
hydroxypropyl methylcellulose in about 10 percent of the total volume of purified 

10 water using a stirrer. 

b. Disperse the triethyl citrate in the remaining purified water using 

a stiner. 

c. Add the ethylcdlulose dispersion to the solution from step b and 
continue stirring for at least 30 minutes. 

15 d. Add the solution from step a and the spray talc to the mixture 

from step c and continue stirring. 

e. For the overcoating preparation, dissolve the hydroxypropyl 

methylcellulose and the polyethylene glycol in the purified water using a mixer, 

then add the spray talc and continue stirring. 
20 f. Load the core pellets into fluid-bed tangential coating equipment 

and apply the sustained release coat preparation from step d. 

g. Apply the overcoat preparation from step e using the same fluid- 
bed tangential coating equipment. 

h. Upon completion of step g, continue tiie fluidization far about 30 
25 to 60 minutes at 60*'C product temperature. 

Formulations 40 and 41 



a. For the sustained release coating preparation, disperse the triethyl 
30 citrate in the purified water using a stirrer. 

b. Add the ethylcellulose dispersion to the solution from step a and 
continue stirring for at least 30 minutes. 

c. Add the spray talc to the mixture from step b and continue 

stirring. 

35 d. Prepare the overcoat by dissolving the hydroxypropyl 

methylcellulose and polyethylene glycol in the purified water using a stirrer, then 
adding the spray talc and continue stirring. 

e. Load the core pellets into fluid-bed tangential coating equipment 
and apply the sustained coating preparation from step c. 
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f. Using the same fluid-bed tangential coating equipment, apply the 
overcoat prqiaration from step d. 

g. Upon completicm of step f, continue fluxdization lor about 30 to 
60 minutes at 60**C product teniperatuie. 

Formulation 42 



a. Film coat a portion of the core pellets according to the procedure 
used for Fomiulation 37. 
10 b. Enteric coat another portion of the core pellets according to die 

procedure used for Formulation 38. 

c. Blend the coated pellets from step a and stq> b at a ratio to 
contain equal quantities of tacrine base. 

15 Formulation 43 

a. Film coat a portion of the core pellets according to die procedure 
used for Formulation 37. 

b. Sustain coat anoth^ portion of the core pellets according to the 
20 procedure used for Formulation 39. 

c. Blend the coated pellets from st^ a and step b at a ratio to 
contain equal quantities of tacrine base. 



Encapsulation 



a. Encapsulate the amount of pellets listed in Table 2 into hard 
gelatin capswlf* using a c^isule filling machine with pellet filler attachmenL 

b. Tlie total yield of product is calculated by determining the total 
unit count and comparing it to the yield, theoretically expec t ed from the batch 

30 formula. ' 
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Table2 



Theoretical Capsule FiU Weights 



Fonnulation No. 


FillWdEhf 


Fonnulation 37 (IR Pellets) 


254 mg 


Fonnulation 38 (ER Pellets) 


288 mg 


Fonnulation 39 (SRI Pellets) 


289 mg 


Fonnulation 40 (SR2 Pellets) 


289 mg 


Fonnulation 41 (SR3 Pellets) 


314 mg 


Fonnulation 42 (IR-i-ER Pellets) 


271 mg 


Fonnulation 43 (IR+SR3 Pellets) 


284 mg 



• Target fill Might ny vary it 10X tentative) based en the in-proeess coated pellets assay. 

15 

Examples 8-10 

The following escamples were canied out to develop controlled 
release pellet formulatims for tacrine hydrochloride monohydtate that reduce the 
20 dosing frequency to improve convenience and patient compliance and in which the 
drug loading was 50% greater than that reported for Examples 1-7. Core pellets 
containing tacrine hydrochloride monohydrate were manufactured using fluid-bed 
tangential coating equipment. 

25 llie drug pellets were coated in a fluid-bed rotor granular with 

aqueous diqiersions containing ethylceliulose to form sustaining coats. The coating 
dispersions contained 36.1%, 34.5% and 33.2% (w/w) Aquacoat for the 
formulations designated as CR8, CR9 and CRIO, respectively. The insoluble, film- 
forming polymer, ethylceliulose in Aquacoat, provides a diffusion barrier for 

30 tacrine and controls its release rate from the drug laden pellets. The coating 
dispersions also contained 0.6%, 1.0% and 1.4% w/w hydroxypropyl 
methylcellul se for CR8, CR9 and CRIO, respectively. Hydroxypropyl 
methylcellulose, a water-soluble polymer was incorporated in the coating 
dispersions to increase the permeability of the sustaining coat. In addition, all the 
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coating dispersioiis contain 3.4% w/w methyl citrate, a plastidzing agent for 
ethylcdlulose, 0.13% w/w mistnm spray talc, an antiadhoent, and 0.05% w/w 
antifoam emulsion. 



The coated peUets for CR8, CR9 and CRIO vvere subsecpiendy 
overcoated wiA an aqueous dispersion containing 5.2% w/w hydraxypiopyl 
methylceUulose. 0.9% w/w polyediyiene glycol 3350, 0.9% w/w mistnm ^y 
talc, and 0.04% w/w antifoam emulsion. This overcoat prevents pellets ftom 
sticking and reduces attrition during handling and storage. The finished pellets 
weie cured by fluidization at 60*'C for one hour in the coating eqaspmeat 
immediate^ followirig the overcoat process in order to promote film coalescence. 

The following table describes the product references 



throughout this section. 


j Formulation 


I>i5Solution Profile 1 




of Pellets in Formulation 


CR8 (S3) 


Sustained Release 


CR9 (54) 


Sustained Release 


CRIO (55) 


Sustained Release 



Collectively these products are referred as control release capsules. 
Quantttative Formula for the Capsule Products 

25 

Hie quantitative formulations set out below show the amounts of 
ingredients per 1000 c^isules. The equipment and parameters (eg., size and brand 
of equipment, parameters used in preparaiion of core drug pdlets as well as in 
coating the pellets, etc.) listed in the manufacturing directions are based on the 
30 ^^tchCT made. 
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Fonnulation No. 53 in CR8 Capsule 
Labd Claim 40 mg (as base) 





Core Pellets 


Amount/1000 Capsules 


5 


Tacrine Hydrochloride Monohydiate 


51.02 g^ 




Sugar Sitoed NF, 20-25 mesh 


96.75 g 




Povidone USP 


4.00 g 




Spray Talc 


12.75 g 




Antifoam Emulsion 


0.06g 


10 


Purified Water USP* q.s. 


or 249.10 mL 




Coatine 




Sustained Coating H 




Ethyloellulose Dispersicm NF (30% solids) 


14.23 g2 


15 


Txiethyl Citrate FCC 


4.50 g 




Spray Talc 


0.20 g 




Hydroxyprpp^ MethyiceUulose 2910 USP 


0.75 g 




Antifoam Emulsion 


0.07g 


20 


Purified Water USP* q.s. 


or 78.68 mL 








Overcoat Coating 




Hydroxyprogyyl MethyiceUulose 2910 USP 


1.38 g 




Polyethylene Glycol 3350 NF 


0.23 g 




Spray Talc 


0.23 g 


25 


Antifoam Emulsion 


O.Olg 




Purified Water USP* q.s. or 24.43 mL 



Total Weight 186.18 g 

No.2 Hard Gelatin C^sules lOOO 

30- ^ Equiv»ltnt to 40.00 0 tacrine base per capsule. 
2 tellda Mefght. 

• Purified Ustar USP la uaed in the nnufaeturing proceea. but fs rvwved tkirina drying. 
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Formuladon No. 54 in CR9 Capsule 
Label Claim 40 mg (as base) 



Core Pellets 



Amount/lOOO Caiisules 



Tacrine Hydrochloride Monohydxate 


51.02 gi 




Sugar Sphered NF, 20-25 mesh 


96.75 g 




Povidone USP 


4.00 g 




Spray Talc 


12.75 g 




Antifbam Emulsioii 


0.06g 




Purified Water USP* q. s. 


or 249.10mL 




Coatine 


1 Sustained Coatiiig 


Ethylcdlulose Dispersion NF (30% solids) 


13,63 g^ 




Triethyl Citrate FCC 


4.50 g 




Spray Talc 


0.20 g 




HydTDxypropyl Methyloellulose 2910 USP 


1.35 g 




Antifoam Emulaon 


0.07g 




Purified Water USP« q.s. 


or 78.68 mL 






Overcoat Coating 






Hydroxypropyl Methylcellulose 2910 USP 


1.38 g 




Polyethylene Glycol 3350 NF 


0.23 g 




Spray Talc 


0.23 g 




Antifoam Emulsion 


O.Olg 




Purified Water USP* q.s. 


or 24.43 mL 





10 



15 



20 



25 



30 



186.18 g 
1000 



Tcnal Weight 

N .2 Hard Gelatin C^>sules 

^ Equivalent to «0.00 b tacrine basa per capsule. 
2 Solids Mi^t. 

• Purif iad uater USP i» used in the ■anufacturing process, but it 



during dryif^S* 
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Formuladon No. 55 in CRIO Capsule 
Label Oaim 40 mg (as base) 



Core Pellets 


Amount/lOOO'Ca^isules 




Tacrine Hydrochloride Mcmohydrate 


51.02 g^ 




Sugar Sphered NF, 20-25 mesh 


96.75 g 




Povidone USP 


4.00 g 




Spray Talc 


12.75 g - 




Antifoam Emulsum 


0.06g 




Purified Water USP* q.s. 


or 249.10 mL 




Coatine 


Sustained Coaling | 


Ethylcellulose Dispersion NF (30% solids) 


13.11 g2 




Triethyl Citrate FCC 


4.50 g 




Spray Talc 


0.20 g 




Hydfcncypropyl Methylcellulose 2910 USP 


K87g 




Antifoam Emulsion 


0.07g 




Purified Water USP* q.s. 


or 78.68 mL 






1 Overcoat Coating 






Hydrvnyprop^ Methylcdlulose 2910 USP 


1.38 g 




Polyethylene Glycol 3350 NF 


0.23 g 




Spray Talc 


0.23 g 




Antifoam Emulsion 


O.Olg 




Purified Water USP* q.s. 


or 24.43 mL 




Total Weight 

No.2 Hard Gelatin Capsules 


186.18 g 
1000 





^ Cquiwilcnt to 40.00 9 tacrine base per capsule. 
2 solids tMigftt. 

• Purified yater USP is us«d in the mamfmcxuring process, but is rc«ov«d during drying. 
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The core pellets, film coating, and encapsulation were then carried 
out according to the pioceduies described in Examples 1-7. 

Kcample 11 

5 

PhaniMfokinrtir Evahiation of Controlled Release Fornnilatioiis 
CRl, CR3, CR4, and CR5 

Controlled release (CR) formulations were prqaied by coating 
10 immediate release (IR) core pdlets, designated as CRl, with a sustained release 
(SR) polymer system. Rate of tacrine release rate firom CRl in vitro was very rapid 
(100% in 10 minutes) and similar to the release rate from maricet tacrine capsules. 
In vivo performance of CRl was expected to be representative of performance of 
tacrine market capsules. The SR coatings were combinations of a water soluble 
15 polymer (hydroxyprop)dniethylcellulose; HPMC) and a water-insoluble polymer 
(Aquacoat, ^ylcellulose). Relative amounts of the two polymers and the coating 
levels were varied to prepare three prototype formulations (CR3, CR4 and CRS, 
Table 3) with different tacrine rdease rates in vim (vdease rate: 
CR3 > CR4>CR5). Dissolution studies showed a lag-time (time preceding the first 
2 0 quantifiable concentration) in the following order CR5 > CR4 > CR3. 

Pharmacokinetics of CR3, CR4, and CR5 were compared to those of 
the core pellets to determine the effect of the SR formulation composition and 
coating levels. The object of the study was to detennine die relative bioavailalnliQr 

25 and in vrvo rdease characteristics of CRl and the three 40 mg prototype cqsules, 
CR3» CR4, and CRS, to aid in the development of a tacrine CR formulation. 
Sixteen healthy volunteers received a single 40-mg tacrine dose, as either one CRl, 
CR3, CR4, or CR5 capsule according to a randomized, 4-way crossover design 
(Table 3). Subjects ranged in age form 50 to 74 years (mean = 62). None of the 

30 subjects were smokers. Serial blood samples were drawn up to 24 hours following 
each dose aiul subsequently analyzed for tacrine. 
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TABLE3 



Tacrine Capsule Fomnilations Used in Protocol 970-36 



Formula 


In vitro SR Polymer 
xelease composition 
profile 


Coating 
(%w/w*) 


Dose 
(mg) 


Code 


37 


Immediate NA 
Release (IR) 


NA 


40 


CRl 


39 


Sustained Aquacoat 
Rdease(SRl) HPMC 


15 


40 


CR3 


40 


Sustained Aquacoat 
Release(SR2) 


15 


40 


CR4 


41 


Sustained Aquacoat 
Rdease(SR3) 


25 


40 


CR5 



• InerMM In core p«U«c mf^t during coating. 
IM-not ■pplieoUo. 



20 Tieatment mean plasma concentration versus time profiles for tacrine 

and 1-OH tacrine are shown in Figure 3 and Figure 4, respectively. A summary of 
pharmacokinetics and statistical results is presented in Table 4. Inspection of 
ph a rm aco k i net ic data from a bioequivalence study for tacrine market c^ules 
indicated tliat CRl phannacokinetics observed in the present study were similar to 

25 and thus icyrraentative of those for the market capsule. 

Mean plasma profiles for CR3, CR4, and CR5 were distinguishable 
from each other and ftom that -for CRl (Figure 3). Tacrine absorption fiom 
formulations CR3, CR4, and CR5 was controlled (slowed) relative to CRl as 

30 demonstrated by increased tmax values, decreased Cmax values, arui relatively high 
plasma oonoentiations at 12, 16 and 24 hours. The pattern of sustained release 
observed among formulations in mean profiles was consistentiy observed for 
individUial subjects. Terminal rate constant (Lambda z) values were agnificantiy 
lower for die three CR capsul prototypes than that for CRl and indicated that 

35 absorption rate was limited by rate f tacrine release firom the CR formulation. 
Thus, these z values reflected the absorpu n rate rather than the rate of elimination 
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("flip-flop* Idnetics). Results indicated that in vivo tacrine rdease nues decreased 
in ttie same Older (CR3>CR4>CR5) as observed in vtnv. 

Lag-time (tlag) between dose administration and ^ypaient start of 
S absorption was d^ermined as the sampling time immediately preceding time of the 
first quantifiable plasma concoitiation. As the 2ppai€Xit absorption rate decreased, 
tlag values increased. Mean tlag values ranged tom 0.8 hour for CR3 to 3.1 hour 
for CRS. Tte same rank order was observed with dissolution test data and 
provided further evidence that release from the CR formulation was rate limiting. 
10 Inter-subject variabiMty (%RSD) was lemariobly low for tmax, tlag and Lainbda z 
for all four formulations. Low variability in tmax. Lambda z and rtag values was 
consistent with formulation controlled pharmacokinetics. CTable 4). 

Extent of absorption was assessed by evaluation of AUC(0-tldc) 
15 values. A corresponding decrease in extent of absorption was observed with 
decrease in Lambda z. Based on mean values of AUC(0-tldc) ratios, 
bioavailabitiQf of CR3, CR4, and CRS relative to CRl was 75%, 58%, and 56%, 
respectively (Table 5). Relative extent of absorption vahies based on AUC(0-od) 
values were similar to those based on AUC(0-ddc). 

20 

Inter-subject variability for Cmax and AUC(0-tldc) was high 
(%RSD =40-60%) for all CR formulations. This variability was not attributable to 
the formulations themselves because high variability was also observed with CRl 
and widi other dosage forms in previous tacrine studies. High variability in Cmax 
25 and AUC(0-tldc) values suggests that individuals differ maricedly with reqwct to 
how much tacrine is absorbed. Saturable first-pass tacrine metabolism and 
intersubject variation in absorption, metabolism, and/or volume of distribution may 
have contributed to this variability. Pharmacokinetic data following an intravenous 
dose would be required to determine the source of variability. 

30 

Plasma 1-OH tacrine concentrations were approximately two times 
higher than those for tacrine for all of the formulations. The 1-OH tacrine 
concentration versus time profiles (Figure 4) parallel those for tacrine. This result 
suggests that 1-OH tacrine pharmacokinetics are also controlled by rate of rdease 
35 from the CR formulation. 

In simimary, pharmacokinetics for single-dose administration of 
prototype 40-mg capsul formulations CR3, CR4, and CRS indicate controlled 
release of tacrine. Relative absorption rates in vivo reflect relative tacrine rates in 
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dissoluticm tests. ffioavailabiliQr of CR3, CR4, and CR5 c^ules is 7596, 58%, 
and 56% relative to that of CRl, an immediate release dosage fo^ 



TABLE 4 



Mean Tacrine Pharmacokinetic Parameter Values for Administration of Single 40- 
nig Doses of Tacrine CR Capsules to 16 Healthy Qderly Volunteers 



10 



15 



20 



Parameter 


Treatment Mean (%RSD) Value 
CRl CR3 CH4 


CR5 


Cmax 


16.4(38.4) 


7,8(48.5) 


5.3(50.1)* 


4.0(40.3)* 


tmax 


2.0(19.0) 


5.1(13.5) 


5.7(15.4) 


6.4(22.8) 


tlag 


0 


0.08(36) 


1.8(23) 


3.1(12) 


AUC(0-tIiic) 


89(49.8) 


61(52.8)^ 


51(63.4)**^ 


44(47.1)'* 


AUC(0-oa) 


92(48.2) 


69(48.5)^ 


61(55.9)^ 


60(41.2)* 


LanibdaZ 


0.274(19.0) 


0.174(34.6) 


0.110(34.3)* 


0.074(27.9)* 


tl/2 


2^ 


4.0 


6.3 


9.4 1 


b For • given 




■re signfficsntly different imta 


(8 they ahara • coaMn 



letter c.lpha - 0.05>. Differences faeti«en treatment mean t1/2 vmlmm not aMluatad 

atatiatleally. 
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Tabte5 



Means of Individtial Subject Param^er Ratios 



Mean Ratio <%RSD^ 


Parameter 


CR3/CR1 


CR4/CR1 


CR5/CR1 


Cmax 


0.49(43.3) 


0.33(26.5) 


0.27(54.9) 


tmax 


2.6(25.5) 


2.9(31.1) 


3.2(27.9) 


AUC(0-tldc) 


0.75(48.9) 


0.58(38.2) 


0.56(58.7) 


AUC(0-oo) 


0.80(48.7) 


0.64(31.2) 


0.73(55.7) 



• Nulu Observed plasM concentration Cng/oL) 
o Tiaa of GMX(hour) 

• Sailing tiae inedUtely preceding the ffr«t ^witiflabic 
plane concentration (hour) 

■ Area uider the plasm coneentratian-tim fr«a tiaa 0 to tiaa 
of last dttaetabla concentration (f«^our/tf.) 

■ Are* under the plaaaa c on c en t ration tioie froa tiae 0 to 
infinite tiae (ng*hoiir/aL) 

« rerainal phase rate constant (1/hour) 
m Half-Ufe €hour> (haraonic nean) 

1. J. Skelly, G. Amidon, W. Ban- et aU, In Vivo Testing and 
Corrdation for Oial Controlled^odified-Release Dosage Fdrms, Pharaaceutical 
25 Research, Vol. 7, No. 9 p 975-982, 1990. 

Example 12 

Phanoacoklnetk EvahiaUon of Controlled Release Formulations CRl, CR2, 
30 CR6, and CR7 

ContioUed-release (CR) formulations were pnpand by coating 
immediate-release (IR) core pellets, designated as CRl^ with a sustained-release 
(SR) or enteric-release (ER) polymer system. Rate of tacrine release from CRl in 
35 vim was very rapid (100% in 10 minutes) and similar to the release rate torn 



ties 

15 

MICCO-tidc) 
MJCCO- infinity) 
20 Laafada Z 

ti/a 
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10 



15 



^Mxtot tacrine capsules. In vivo performance of CRl was expected u, be 
"Pnsensmve of performance of tacrine maricet capsuies. 

bv „f ^ f T*™ *° P™^*^ dependent drug release 

^^^of a poljonethacrylate copolymer. Retease of t«:rine fh,m 
tom.da.ua was nn^mal «3% in 2 hours) in acidic media and rapid (>95%^ 
STS^ ^ to delay tacrine Xa^ 

Pdlets reached the small mtestlne. Capsules containing only ER pelleu (CR2) and 
capsules containing equal pam Of m and ER pelleu (CR« J« 

^ . , „ ^ 'y^"' ''"ig^'ted SR3. entailed coating IR pdkts with a 
^^.e polym« (Aquacoat; ethylcellulose). Dissoluti,^ stuTLj^ 

SSJ^L"^^ ^ '^"^-•^^ Pleasing 

tomulatm tested m .he preceding sOKly (970-36). Capsules, designated as CR7 



20 



25 



/- v<w. J^'' '^'^"^ bioavailability and 

«^ chan««stics of a 40-mg tacrine IR capsule (CRl) and lee 

^^LT7^ CR capsules (CR2. CR6 a™, CR7) .o aid in the 
^mentofaU«mecon.n^,eteaseformulatip«. Sixteen healthy vohmteers 
«««^«ngle 40-mg ferine dose of CRl. CR2. CR6. « CR7 acLling u, a 
««tonuzed. 4-way crossover design (Table 6). Subjects ranged in age ^^59 to 
77 years (mean=67). Subject 10 was the only smoker, ^tuj^^^ 
^ -P 2* ^ foUowing each dose and were subsequently ^^i: 
^ IT^ 2-OH tacrine, and 4-OH tacrine. Resulu for u^rii^dt 
OH tocnne for 15 sulgecte are discussed herein. «>-«waiioi 
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TABLE6 



Tacrine Csqisule Fonnulations 



Formulaticm 
Number 


Type of Mitts Dose 
in Capsule (tne) 


' Treatment 
Code 


37 


Immediate-ReleaseOR) 40 


CRl 


38 


Enteric-Release(£R) 40 


CR2 


42 


Immediate and Enteric 40 
Release (20mg IR+20mgIR) 


CR6 


43 


Immediate and Sustained 40 

Release(20mg IR+20mg SR3) 


CR7 



Treatment mean plasma concentration versus time profiles for tacrine 
15 and 1-OH tacrine are shown in Figure 3 and Figure 4, respectively. A summary of 
pharmacokinetic and statistical results is presented in Table 7. CRl 
pharmacokinetics were similar to those for the maricet capsule as indicated by 
comparison with data from a bioequivalence study for tacrine maiiset capsules. 

20 The mean concentration-time profile for CR2 was disdnginshable 

from that for CRl. Differences between individual conoentiaticm-time profiles 
were remarkably large for CR2, and therefore, the mean profile was not 
representative of that for any given subject. A major source for variability 
appearcti to be the time between dose administration and apparent start of 

25 absorption (tlag). Mean tlag was 1.0 hour for CR2« and intersubject variability 
(%RSD) in this parameter was 85%. After adjustment for tlag, the mean Unax 
value for CR2 was similar to that for CRl. Mean Lambda z values for CR2 and 
CRl were also similar. Together, these resulb indicated that CR2 and CRl had 
similar absorption and elimination rates and were consistent with pH dependent 

3 0 (enteric) release. The high intersubject variability may have been due to differences 
in gastric transit time and gastrointestinal tract pH. 

Cmax values f r CR2 were lower than those for CRl and suggested 
lower bioavailability of CR2 as compared to CRl. Extent of absorption was 
35 assessed by evaluation of AUC(O-tldc) values and indicated that the bioavailability 
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of CR2 was 82% relative to that of CRl. Results based on AUC(0-ob) values were 
siliiilar indicating 86% relative bioavailability. 

The mean oonoentiation-time profile for CR6 was distinguishable 
5 from that for CRl. Differences between individual concentration-time profiles 
were remarkably large for CR6 and therefore the mean profile was not 
representative of that for any given subject Inunediate release of tacrine from the 
IR component of CR6 was apparent in that there was no tlag for CR6. With the 
exoq)tion to tlag values, pharmacokinetics for CR2 and CR6 were similar to one 

10 another. Extent of absorption ftir CR6, based on AUC(0-tldc) values, was 75% 
compared to that of CRl. The pharmacokinetics of CR6 were more similar to those 
for CR2 than eicpected for a composite of CRl and CR2. In other words, CR6 
pharmacokinetics were not a simple linear combination of those for CRl and CR2. 
Tarir of consistcnt performance suggests that both ER formulation (CR2 and CR6) 

15 have limited potential as CR dosage forms. 

The mean profile for the CR7 c^sule was distinguishable ftom that 
for CRL Tacrine absorption from CRT was controlled rdative to (CRl as 
demonstrated by rdatively high plasma concentrations at 12, 16 and 24 hours. 

20 R^nd release of tacrine from the IR component of CRT was apparent in the 
a^>parent absence of a tlag. The pattern of an initial rise in plasma tacrine 
concentration after dosing followed by sustained plasma concentrations was 
consistendy observed for individual subjects. The mean Lambda z value for CRT 
was significamly lower for CRl than that for CRT and was consistent with sustained 

25 tacrine release from the SR3 component of CRT. Extent of absorption for CRT, 
based on AUC(0-tldc) values, was 58% compared to that of CRL While the 
]rtiannacokinetics for CRT reflected the contribution of each component, they were 
not a simple combinatiott of those corresponding to pure IR and SR3 as investigated 
in 970-36. 

30 

Inteisubject variability for Cmax and AUC values was high (%RSD 
» 70 to 95%) for all four CR formulations. Pharmacokinetics following an 
intravenous dose would be required to determine the source of variability. Plasma 
concentrations for 1-OH tacrine were approximately three times higher than those 
35 for tacrine f r all f the formulations. The 1-OH tacrine concentration versus time 
profile (Figure 4) paralleled that for tacrine as was similar for all f rmulati ns. 

In summary, pharmacokinetics of the three prototype CR 
formuladons and the reference (CRl) capsules are distinct from one anodier. 
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Results for the enteric coated fonnulations (CR2 and CR6) aie consistent with a pH 
de pe nden t release. However, these fonnulations axe not suitable for further 
deveic^ment because of erratic in nvo performance. Pharmacokinetics of CR6 and 
CR7 reflect contributions from thdr two components, but aie not sinq>ly related to 
5 individual component pharmacokinetics. Bioavailability vahies for CR2, CR6 and 
CR7 relative to that for CRl were 82%, 75%, and 58%, ieq>ectiv^y. 

TABLE? 

10 Mean Tacrine Pharmacokinetic Parameter Values for Administration of Single 40- 
mg Doses of Tacrine CR Capsules to Healthy Elderiy Volunteen 



Treatmoit Mean (%RSD) Value 



Param^er 


CRl 


c:r3 


CR4 


CRS 


Cmax 


17.9(73.4) 


13.2(71.4)^ 


10.3(79.2)* 


6.0(74.8) 


tmax 


1.7(30.6)* 


3.2(35.8)*> 


3.1(40.2)*> 


1.5(47.1)* 


tlag 




1.0(85) 


0* 


0* 


AUC(0-tldc) 


81(84.0) 


64(82.2)^ 


58(94.0)* 


42(95.1) 


AUC(0-0D) 


88(79.8) 


68(79.8)* 


65(85.3)*«^ 


51(96.0)'> 


LambdaZ 


0.29(36.4)» 


0.26(18.1)».bo.30(23-7)» 


0.20(65.5)b 


tl/2 


2.5 


2.7 


2.3 


3.4 



«, b For a gfvoi pmMtcr, mn viun are signiffcantly diffmnt wiIms they ihw* ■ como 
letttr Utpha « 0.05>. Differcnm betMMn treatam mean t1/2 valuea Here not avaluatod 
25 statfstfcally. 
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Table 8 



Means of Individual Subject Parameter Ratios 







Mean Ratio (%RSD) 




Parameter 




CR2/CR1 


CR6/CR1 


CR7/CR1 


Cnmx 




0.77(22.8) 


0.61(26.9) 


0.41(47.7) 


tmax 




2.0(40.8) 


1.9(46.5) 


0.9(36.9) 


AUC(0-adc) 




0.82(17.2) 


0.75(24.3) 


0.58(40.8) 


AUC(0-0D) 




0.86(17.1) 


0.74(20.1) 


0.67(26.9) 


Caw • Itaxinji observed plasM coneentretion <n9/M.) 
tnw ■ Tiae of QnxChour) 

tie* « SMpUng ttne ianedietely preceding the first qMantffiable 
piaaae coneentretion (hour) 



MJCCO-tlde) a Area under the plaw concent rati on- tiae froa tiae 0 to tfae 
of last detectable concentration Cng^hour/aL} 

MICCO-lnflnltyl ■ Area under the plasae coneentraticm tfne froa timm O to 
infinite tiae (ng^hour/aL} 
20 LaMe Z B Tensinel pliase rate constant (1/hour) 

t1/2 • Half- life (hour) (haraonfc mean) 



Example 13 

25 In viuo/in vivo Correlation of Tacrine CR Ciqisiiles 

The present study was conducted to understand the relationship 
between in vitro dissolution of a product and its in vivo performance to minimize 
human in vivo testing and to discern what limitations the foimuladon and the drug's 
30 phannacokinecic prop^es present 

Ccmtiolled release (CR) tacrine formulations were prqiared by 
coating immediate release core pellets (CRl) with a sustained release (SR) polymer 
system. Single doses f three SR f rmulations (CR3, CR4, and CR5) and CRl 
35 wm tested in vivo. Results indicated controlled release of tacrine from CR3, CR4, 
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and CR5, Figure 5. Absoiption was limited by the rate of tacrine release torn 
CR3, CR4» and CR5 (*"flip-flop" kinetics). In vivo absorpticm rates decreased in 
the same lank order as in vitro tacrine release rates decreased. Also, as absorption 
laiB decreased, bioavailability decreased. 

5 

The SR formulation system was further developed with the goal of 
increasing bioavailability while maintaining sustained release. Tacrine loading of 
the pellet core was increased by 50% as compared to formulations CRl, CR3, 
CR4, and CR5 to permit higher doses with smaller capsule sizes. 

10 

The objectives of the computations reported herein are: I) to 
correlate in vitro dissolution data with in vivo absorption data for tacrine CR 
formulations; and 2) to predict the in vivo absorption rates of CR8, CR9, and CRIO 
based on the in vitro/in vrvo correlation. 

15 

Methods 

Absoiption rate: For the immediate release formulation, CRl, 
Wagner-Nelson anatysis was performed on individual subject data. The negative 

20 slope of a semi-logarithmic plot of the amount unabsorbed versus time for each 
subject provided an estimate of the first order rate con^ant for absoiption, k;^. For 
CR3, CR4, and CR5, lambda z values were significantiy smaller than those for 
CRl indicating that lambda z was K>v> and individual lambda z values were used as 
estimates of Ica values. The average value was determined for each 

25 formulation. Mean absorption time (MAT), which reflects the average time for a 
tacrine molecule to be absorbed, was ^>proximated as die reciprocal of aveiage rate 
ctmstant (3,4): 

MAT = I (I) 
30 *4 

Dissolution rate: Dissolution of tacrine from formulations CRl, 
CR3, CR4, CR5, CR8, CR9, and CRIO was quantified in water at ST^'C by means 
of USP apparatus II with paddles rotating at 50 rpm (Figure 6). Dissolution data 
35 for each formulation were characterized by the following equation for first-order 
drug release occurring after a dissolution lag phase: 

Percentage Undissolved = 100% " expf-kjy - time) (2) 
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wlieie ]q> is the first order dissolution rate constant (3»4). The mean ^dissolution 
time (KO^T), which reflects the average time for a tacrine molecule to dissolve cmce 
absorption commences was approximated as (3,4) 

5 MDT^l (3) 

In vitroAn vivo correlations: Least squared regression was used to 
characterize an ^iparent linear relationship between MAT and MDT values 
10 corresponding to CRl, CR3, CR4, and CR5. The linear regression parameters 
were used to predict MAT values from measured MDT vahies, for formulations 
CR8, CR9, and CRIO. Subsequently, predicted ky^ values were calculated by 
equation 1. 

3.5 Simulations: Concentration-time profiles for single dose were 

simulated using the following equation: 

CkmcemmUm^k^ ' Dose- F (expi-k^' tme)-acp(-kji' Ume)} (4) 

whMc F = bioavailability, FAr=0.625/U dose=40 mg, and ^ « 0.274 hour"^ 
Simulated concentrations were normalized so that the Croax value for CRl (16.2 
ng/mL) was given the relative concentration value of 100. Dissolution studies 
25 indicated a lag-time (time preceding the first quantifiable concentration) that 
increased in the order CR3<CR4<CRS. A similar trend in absorption lag-time 
(time between dose administration and sqiparent start of absorption) was observed. 
There was no observabte dissolution lag-time for CR8, CR9, and CRIO. For this 
series of simulations, it was assumed that the lag-time is equal to zero. 

30 

Mean AUC from time zero to time of last d^ectable concentraticm, 
AUC(C>-tldc), were used as the measure 'of oral bioavailability. Relative 
bioavailability (Fid) expressed as percentage of die mean AUCXO-ddc) for 
CRl. Predicted ¥^ values for CR9, and CRIO were determined by 

35 insp e ct i o n finom the relationship shown in Figure 1 1. It was assumed that the 50% 
higher loading did not alter this relationship. 
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Resnlls and Discussifni 

Wagner-Ndson plots of the amount unabsotbed versus time were 
log-linear indicating first order absorption. Tacrine absoiption rate was 
5 characterized by the first order rate constant, k^. Plots »of ^he pocentage 
undissolved versus dme were log-linear (Figure 7) indicating first order release 
from the CR foraiulations following a lag phase of 0 to 2 hours. Tacrine 
dissoliition rate was characterized by the first order in vtm rate constant, k|>. 
Formulation kA and lq> vahies and die correspcmding MAT and MDT values are 
10 summarized in the Table 9. 



TABLE 9 



15 



Formulation 


kD 


MDT 


l^A 


MAT 


Frel 




(l/hr) 


(hr) 


(l/hr) 


(hr) 


(«) 


CRl 


16.9 


0.06 


1.21 


0.83 


100 




0.523 


1.9 


0.174 


5.7 


69 


CR4 


0.287 


3.5 


0.110 


9.1 


57 


CR5 


0.192 


5.2 


0.074 


13.5 


49 


CRIO 


1.77 


0.57 


(0.457)* 


(2.2) 


(91) 


CR9 


0.686 


1.5 


(0.225) 


(4.5) 


(75) 


CR8 


0.442 


2.3 


(0.156) 


(6.4) 


(67) 



^ Values in parenthesis are inedicted values. 
25 k|> s Dissohition rate constant (l/hour) 
MDT » Mean dissolution time (hour) 
icA Absoiption rate constant (l/hour) 
MAT = Mean absorption time (hour) 

Frd ~ Mesoi AUC(0-tldc) value expressed as percratage of mean value for CRl 
30 as reported previously. 

Itt viuo/in vivo coirelati n: Th curvilinear relationship between 
kA and kD is shown in Figure 8. This relationship can be qyproidmated as linear 
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over the fimited laoge defined by values for CR3, CR4, and CR5. The linear 
relafionship between MAT and MDT values (Figure 9) was defined by the 
following equation: 

5 MAT = 0.m^ + 2A35 * MDT (R^ = 0,998) (5) 

Pzedicted MAT values for the CR8, CR9, and CRIO based on Equation 5 and the 
corresponding values axe shown in die table above as paroithedcal values.- 

10 Results suggest that tacrine absoiption fma CRIO will be rapid; the 

laiger value the fester the expected absorption rate. Tacrine absoiption from 
CR8 is predicted to be similar to that observed from CR3. Absoiption from CR9 
will be &ster than from CR3. Absoiption from CR8 and CR9 is predicted to be 
dissolution-rale limited because k>^<k£. Deviations from predicted values may 

15 result ftom the difference in tacrine loading of the pellet core. 

Assuming that the new formulations have the same bioavailability 
and that the hig-time for absorption is zeroj plasnui concentrations (jCp) foUowing 
single doses were simulated by means of equation 4, Hgure 10. These ^ylat»ons 
20 which indicate rdative, not absolute Cp values, are useful for comparisons of the 
sh^ of the time course for each formulation. Simulations indicate that 
concentration-time profiles for the new formulations will be different fitom each 
other. As absorptioii rate decreases (decreasing k;^ values), Cmax decreases, and 
concentrations at tiroes > 8 hours tend to increase. 

25 

Bioavailability: Results indicated that Fjel and absoiption rate is 
curvilinear (Figure 7); decreases as MAT increases. Decreasing bioavailability 
with decreasing absoiption rate is consistent with nonlinear first pass metabolism. 
The relationship between Fx^l and MAT for CR8 will be similar to tiiat for c:R3, 

30 while tint for CR9 and CRIO will be higher. AH new formulattons are oqiected to 
have lower bioavailability than CRl. The effect of Ffd on the concentration-time 
profile following single doses is simulated in Figure 12 which compares the profiles 
of the formulatkms taking into account Frei predicted in Figure 7. Simulations 
indicate that the 12 hour plasma levels for CR3, CR8, and CR9 will be very 

35 similar, witii CR9 having the highest Ffel of tiiese tiiree formulations. 

In summary, the reported dissolution data and ooncentiation-time 
results foUowing single-dose administrati n f tacrine CR formulations indicate that 
tacrine dissoluti n and absoipti n are first order processes. There is a strong 
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posithfe coixelation between mean dissolution time (in intra) and mean absoiptkm 
time (in vivo}. Simulations for single doses based on the conelation and die 
relationship between relative bioavailability and absoiption rate SnHi^ fy. 
pharmacokinetics of prototype CR8 will be similar to previously reported vahies for 
CR3. Prototypes CR9 and CRIO are predicted to have higho* bioavailability and 
higher Cmax values than rqxmed for CR3, and will retain sustained-release 
propeities relative to tiie immediate release formulation. 

The invention being tims described, it will be obvious that tiie same 
may be varied in many ways. Such variations are not to be regarded as a dqaxture 
from die spirit and scope of die invration and all such modifications are mumii^ to 
be included within the scope of die following claims. 
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Wedaim: 

1. A contiDlled release tacrine drug delivery system conqnising an 
immediate release composition and a sustained release composition wiietein: 
5 (1) the immediate release composition comprises in percentages by weigbt of 

the immediate release composition: 

(A) imme d i a t e release pellets comprising: 

(a) nonpareil seeds in an amount from about 25% to about 

75%; 

0>) tacrine in an amount firom about 10% to about 80%; and 
(c) a binding agent in an amount from about 1% to about 

10%; and 

(B) a sealing layer over the immediate release pellets comprisiqg: 

(a) a sealing agent in an amount up to about 6%, and 

(b) afiistplastidzingagentinanamountuptoabout5%;and 
(2) the sustained release composition comprises in percentages by weight of 

the sustained release composition; 

(A) the immediate release composition; and 

(B) a sustaiiung layer over the immediaie release ccmqiosition 

20 comprising; 

(a) a water-insoluble polymer in an amount from about 40% 

to about 90%; 

(b) a water-soluble polymer in an amoum up to about 10%; 

and 

(c) a second plasticizing agent in an amount up to about 10%; 
wherdn the sustaining layer and die immediate release composition are present in 
the sustained release composition in a ratio by weight from about 1:9 to about 4:6, 
reflectively, and the immediate release composition and the sustained release 
composition are present in the drug delivery system in a ratio by weight from about 

30 0.01:1 to about 1:1, reflectively. 

2. The drug delivery system according to daim 1, wherein tacrine is 
present in the immediate rdease composition in an amount from about 15% to 
about 60%, by weight. 

35. 

3. The drug delivery system according to claim 1, wherein the 
binding agent is present in the immediate retease composition in an amount from 
about 2% to about 8%, by weight. 
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4. The drug delivery system according to claim 1, M^exein the 
binding agent in the immediate rdease composition is povidone. 

5. Hie drug ddiveiy system according to claim 1» wherein the 
5 sealing agent is present in the immediate release conqxisition in an amoimt up to 

about 4%, by weight. 

6. The diug delivery system according to daim 1, wherein dte 
sealing agent in die immediate release composition is hyd roxypmpy l 

10 methylcdlulose. 

7. The drug delivery system according to daim I, wherein the first 
plasticizing agent in the immediate release conqiosition is polyethylene glycol. 

^5 8. Hie drug delivery system according to claim 1, wherein the 

immediate release composition further comprises an antiadhecent 

9. The drug delivery system according to daim 1, wherein the 
water-insoluble polym» is present in the sustained release composition in an 

20 amount from about 45% to about 85%, by wdght. 

10. The drug delivery system according to daim 9, wherein the 
water-insoliible pdymer is present in the sustained rdease composition in an 
amount from about 50% to about 80%, by weight. 

25 

11. The drug delivery system according to daim 1, wherein the 
water-insoluble pdymer in the sustained rdease composition is ethylcellulose. 

12. The drug delivery system according to daim 1, wherein the 
30 water-soluble polymer is present in the sustained release composition in an amount 

up to about 10%, by wdght. 

13. The drug delivery system according to claim 12, wherein the 
water-soluble polymer is present m the sustained rdease composition in an amount 

35 uptoabout 5%, by weight. 

14. The drug delivery system according to claim 1, wherdn the 
water-soluble polymer in die sustained release composition is hydtDxypropyl 
metfaylcellulose. 
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15. The drag deliveiy system according to claim 1, wherein the 
second plasridzin g agent in the sustained release compotitiQn is triediyl citrate. 

5 16. The drug delivery system according to claim 1, wherein the 

sustaining layer and the immediate release composition are present in the sustained 
zelease composition in a ratio by weight from about 1:9 to about 3:7, respectively. 

17. The drug ddivery system according to daim 16, wherein the 
10 sustaining layer and the immediate release compositirai are present in the mtBtaiiMiifi 

release conqxisition in a ratio by weight from about 1:9 to about 2:8, lespectiveiy. 

18. The drug delivery system according to claim I, wherdn the 
immediate release composition and the sustained release composition are present in 

15 the drug delivery system in a ratio by weight from about 1:9 to about 2:8, 
respectively. 

19. The drug delivery system according io daim 18, wherein the 
immediate rdease composition and the sustained release composition are present in 

20 the drug delivery system in a ratio by weight from about 2:8 to about 4:6, 
respectively. 

20. A method for preparing a controlled release tacrine drug 
delivery system oonqnising an immediate release oonq)osition and a sustained 

25 release composition, which comprises the sxeps of: 
(i) providing the following ingredients: 

(1) the immedi a t e release composition comprises in percentages by weight of 
the inunediate release composition: 

(A) immediate release pellets comprising: 
30 (a) nonpareil seeds in an amount firom about 25% to about 

75%; 

(b) tacrine in an amount from about 10% to about 80%; and 

(c) a binding agent in an amount ftom about 1% to about 

10%; and 

35 (B) a sealing layer over the immediate release pellets comprising: 

(a) a sealing agent in an amount up to about 6%, and 

(b) aiirstplasticizingagentinanamountuptoabout5%; and 
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(2) the sustained release composition comprises in percentages by weight of 
the sustained release composition; 

(A) the immediate release composition; and 

(B) a sustaining layer over the immediate release composition 

5 ccnnpristng; 

(a) a water-insoluble polymer in an amount from about 40% 

to about 90%; 

(b) a water-soluble polymer in an amount up to about 10%; 

and 

10 (c) a second plastidzing agent in an amouit tip to about 10%; 

wherein the sustaining layer and die immediate release composition are present in 
the sustained release composition in a ratio by weight from about 1:9 to about 4:6, 
zeqiecdvely, and the immediate release composition and the sustained release 
composidon are present in the drug delivery system in a ratio by weight from about 

15 0.01:1 to about 1:1, respectively; 

0i) forming an aqueous su^)ension of the tacrine and the binding agent £tom 
stq> 0)(1)(A) and layering the suspension on the nonpareQ seeds to form immediate 
release peDets: 

(ni) forming an aqueous mixture of die sealing agent and first plastidzing 
20 agent from stq> (i)(l>(B) and coating the immediate idease pellets to form the 
immediate release composition; 

(iv) forming an aqueous dispersion of the water-insoluble polymer, water- 
soluble polymer, and second plastidzing agent from step (i)(2)(B) and coating a 
portion of the immediate release composition to form the sustained release 

25 composition; and 

(v) admixing the immediate release composition and the sustained release 
composition in a ratio by wdght fhnn about 0.01:1 to about 1:1, respectively, to 

. form the oootrolled release tacrine drug delivery system. 
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FIG. 8 
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FIG. II 



100 



90 ■ 
2> 80 



o 

o 
> 
o 
o 

CD 
> 



70- 
60- 
50. 

40 
30 



20. 
10^ 



0. 



— p- 

2 



3 4 5 6 T 8 9 

Mean Absorption Time (hr) 



I 

10 



-T- 
11 



— t— 

12 



I 

13 



14 



t 



BNS0C3CID: <WO_8603062A1J_> 



wo 95/03062 



PCT/US94/08009 



12/12 

FIG.I2A 




T ■ ■ ■ I "—I — ■ — I — ' 1 — • — I — — ■—I — 1—1 1 — 1 — I — I — 1 — I 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Time (hours) 

OR I CR3 CR8 CR9 GRIG 



FIG.I2B 




0 2 4 6 8 10 12 14 16 18 20 22 24 

Time (hours) 
CRI CR3 CR8 CR9 



.8SD30S2A1_L> 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US 94/08009 



A. CU^IKCATION OF SUBJECT MATim 

IPC 6 A61K31/47 A61K9/50 



A61K9/16 



Actonfag to !nirm<itwinal Patent Oagificalion (IPQ or to baft natiooal daaaficatign mad IPC 



B. FIELDS SEARCHED 



MiiniwmdoowiiaiWiittKMClied (dwiiflrrtion ^rtem Wlowed by danUtodtim gmboli) 

IPC 6 A61K 



I to tb« oaeat ttiit aicb doeuDMBSi are ioEhided in tiw fiddi 



Bec»imcd«l>hMecowJtBJ during ltiei iilrniitiwirt te«h 6^ 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Cite^* auii<nofdcMumeiit, wthiiidicttifHi.wlMfeappra^^ 



RdevmttD daim No. 



WO, A, 92 14443 (WARNER LAMBERT COMPANY) 3 
September 1992 

see page 12 - page 13; exanple 4 

W0,A»92 15285 (WARNER LAMBERT COMPANY) 17 
September 1992 

see page 29 - page 30; example 1 

W0,A,93 01804 (PHARNAVENE INC) 4 February 
1993 

see page 20; examples 11,12 

DE,A,39 22 167 (SCHWARZ PHARMA) 17 January 
1991 

see column 6 



□ 



PaixBt ftnily mmflien are lined itt aBBOL 



* Speeul cattgqries of dted doomati : 

-A* OoemKaaaeGBiDs^wea^ ^^^^ ''^^'*^^^ 
flTTtwi^**** to be of pimicidir idcwKC 
cuter dmnrnfnT hifT |rT*Hk*»^ intrmatianml 
filissdfte 

*L* doeunmtwludi may throw doiibisoaBhaittydmia(t) or 
wtaidt is dted to estaliUsh the pddiealum date of anoifaer 
dtMion or other ^Ndal leam (as qweifieiO 

*0' dDc am e nt iegmningtDaBOtaldi«doaiii»»i«»c rtiiWto 



T* later docunrntpiAlufaed after d»inttnutfiqpal ffl^ 

or pRxxity dale and not in oozifiict with Otxt ainlicaOan taut 

dt^tomickxstazuiaKijnactp^ 

luveotioo 

«X' doccmgntcfpgticuUr wtewaoee; d» claimed tow nrimi 
casnotbe eoosiderediiovd or camotbe ooBsdered id 
involve an inventive atq» wfaeo (be docuiMat u takm a 

vr 



later ttian me piierlKy due daimed 



^Qfnftiadariclevanoe; the dainaed invention 
tbe ooeiddeitd to involve an inventive itep wten tbe 
.......jGnt is coodaned with 008 or niore odKF tudi daa>' 

nKXBi,sichcomfau»tioo bdttg obvious to a posoaskiUcd 
indteait. 

'A- AKummt manbcr of the same patent famUy 



Date of ttte tobxal conytction of the international teard> 

25 November 1994 



DatBOf mailing of flic iptrniational «eard> wq»art 



1i 12.94 



Name a^ Buolittg address of the CA 

European Patent omoe, PJB. S8IS PnattatB 3 
NL • 22S0 HV Rijswiik 
Td. C-*- SI-HQ 340.2(MO. SI 6SI «p0 ol. 
Fas (•^ 31-70) 140.3016 

Fom PCT/tSA^ua CMBOBa dndlOntr IMQ 



Amhorised oCBeer 



Boulols, 0 



BNSOOCIO: <WO_9503062A1J_> 



INTERNATIONAL SEARCH REPORT 

KCnnilyi 



International application 
PCT/US 94/08009 



otsd in AUiili report 


date 






WO-A-9214443 


03-09-92 


NONE - 






WO-A-9215285 


17-09-92 


AU-A- 


1589492 


06-10-92 


WO-A-9301804 


04-02-93 


US-A- 
CA-A- 


5326570 
2114014 


05-07-94 
24-01-93 


DE-A-3922167 


17-01-91 


DE-A- 
EP-A,B 
ES-T- 
JP-A- 


3812799 
0338383 
2054918 
2022222 


26-10-89 
25-10-89 
16-08-94 
25-01-90 



tarn FCT/BAOIS »>Mat arnBy aan) (My 



BNSOOCID: <WO 9S0ao5a*1 I > 



